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INTRODUCTION

Gun erosion can be defined as the gradual changes in bore dimensions as a

result of firing and the changes in character of the bore surface and walls
that iéad to these changes in dimensions.! Therefore the term “eroaion",
historically applied to guns, refers to dimensional changes and does not imply

any particular mechanisnm.

DISQUSSION

Gun erosjon is a complicated process which involves a number of
interrelated factors. There is éeneral agreement that erosion is a function
of bore temperature. This does not, however, eliminate controversy about its
causes or the relative importance of different factors. Some of the
disagreement has been due to the fact that the individual factors have
different relative importances in different guns, under different firing
conditions, and at different locations in the bore. 2

In general, there are three factors involved ir gun erosion, namely:

l. Thermal effects, that is ﬁelting or softening of the bore surface,

followed by removal.

2. Chemical reaction of the bore surface with the propellant gases.

3. Mechanical effects such as engraving and traction.

Each of these factors is affected by temperature and can be important

under some conditions. Their relative importance cannot be inferred from the

L, E. Lire, Jr., "The Description of Eroded Gun ‘lores,” Hypervelocity Guns
and the Control of Gun Erosion, Washington, D.C., 1946, p. ;55.
2¢. 7., Maran and J. N, Hobstetter, “The Causes of Gun Erosion,” Ibid, p. 260.
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fact that erosion is a function of bore temperature.
There has been a great deal of research to substantiate the {act that
cannon erosion involvis bore surface temperature, but we will only discuss a

few examples. Vassallo of Calspan Corporation carried out some axcellent *

¢ L SV S VP S S

research on an experimental 75 mm cannond where he obtained a measurement of

Le o .
Tl A et T

erosion for different alloys used for the bore. This erosion data can be
correiated with the melting points of the auoyl." Above a threshold

temperature, in this case about 1460°C, erosion is an inverse function to the

:
i
1

melting point of the alloy. For alloys with melting points above this

threshold, there wus no measurable erosion. This is shown in Figure i. In

another work using a uniquely instrumented 60 mm research cannon, a tiaplified
correlation related material loss to the rate of energy generation for steel
cannon boresd (see Figure 2). Ward, of the Army Balliatic Laboratory,
correlated erosion with heat transferred to the gun bavrel and evaluatad the
erusive characteristics of propellants and effectiveness of additives by

measuring this heat transfer.5 This is illustrated by FMgure 3 which is

|
|
:
|
|
a

e taken from Raference 6. Thers was a threshold heat input below which there
bt ‘

:_- 3F. A. Vassallo, "Heat Transfer and Krosion in the ARES 75 MM Righ Velocity
L] Cannon,” Calspan Technical Report No. VL-5645-D-1, 1975.

s AF. K. Sautter, "The Factors Contributing to Wear and Erosion of a Chrome-
;._-: Plated Cannon,” The Tri-Service Gun Tube Wear and Erosion Syamposium, Dover,
5 NJ, 1977.

R 5P. A. Vassallo, "Thermal and Erosion Phenomenology in Medium Caliber Anti-
vs.

Armor Automatic Cannons (MC-AAC),' JANNAF¥ Propulsion Meeting, Monterey, Ca,
1980. :

6), Richard Ward and T. L. Brosseau, “"Role of the Insulating Layer From Ti0j-
Wax Liner in Reducing Gun Tube Wear,” Ibid.
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was no measured erosion of the steel. In addition, Marsh and Hobstetter?
sunmarizing the research on erosion carried out during World War II, described
the effoctl\of ircreased tempersture on the response of the bors metal,

Hiny of the components of propellant gases react with steel tu produce an
altered layer on its surface which is lower malting than the metal itself and
doub=lessly more easily removed.l»2,7=9 Cnvany7 stated that in the gubmelting
temperature range, the surface chemical attack of steel is the main erosion
source. Various types of steel generally resist the attack of g;aea such as
N2, CO, and CO2, but water vapor will vigorously react ~ith all steels and
produce erosiun. While Caveny is no doubt correct about the importance of
chenical reaction in this temperature range, erosion is low here and it is not
a problem in this range. Erosion ia about 5 ym a round for the Army wear
limited cannonslO and it 1s difficult to see how a surface chemical reaction

could account for much of this with the very short reaction times available.

iy, E, Line, Jr., "The Description of Eroded Gun Bores," Hypervelocity Guns

and the Control of Gun Erosion, Washington, D.C., 1946, p. %55.
« A, Marsh and J. N. Hobstetter, "The Causes of Gun Erosion,” Ibid, p. 260.

L. H. Caveny, "Steel Erosion Produced by Watar Vapor Containing Chamber
Gases,” JANNAF Propulsion Meeting, Monteray, CA, 1280,

8r. A. Vassallo and E. B, Fisher, "The Role of Oxygen in Cun Barrel Erosion
and Cracking,” Ibid.
C. C. Morphy and E, B, Fisher, “Gas Chemistry Effects on Gun Barrel Erosion-
A Shock Tube Gun Investigation,” Contract Repurt ARBRL-CR-00481, US Army
Armanent Research and Development Command, 1982,

107, 1, Brosseau, I. C. Stoble, and J. Richard Waxd, "Interior Ballistic
Evaluation of High-Flame Temperature Propellants in 20 MM Ammunition and

Assessaent as an Erosion Test Device,” Army Ballistic Wesearch Laboratory
Technical Report ARBRL-TR-02314, 1981.
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When the bore metal is steel, purely mschanical effects are probadly
unimportant in the most important erosion, that at the origin-of-rifling.
However, m‘chmicnl effocts are very important when the bore is covered with
. tnﬁratura resistant coating such as electroplated chromium and in "muszle
arosion".ll If the bore does not react significantly with propellant gases
and it does not soften or melt, the ernsion wust be caused by mechanical
seffects. This is true for chromius electroplate which {s high-meltirg and
chenically inert but which ig brittle and must withstand the flcx‘dns of the
steel under {t.

Cavitation has been suggested az an important contributer to erosion.
However, there was no correlation found between erosion and the known
sensitivities of bors metals to cavitation ercaion, so it was concluded that
cavitation is wot impertent. in erosion.l2 In addition, the initial erosion
rate is the maxinum aud an incubation period, such as observed with cavitation
erosion, is never obsarved.l3 The arosive action of unburned pouder granulea
on the softened bore metal has alsd bean postulsted to be important. The

presence and location of these have been shown to affect heat transfer to the

1R, 5. Montgomery, "Muzzle Wear of Cannon,” Wear, 33, p. 359, 1975,

12, E. Line, Jr.,"Laboratory Methcls of Studying Gun Erosion]' Hypervelocity
Guns and the Control of Gun Erosion, dashington, D.C., 1946, p. 219.
R.S. Montgomery, J. F. Cox, and F. K. Sautter, Comments on "Scaling Laws
Governing Gun Erosion,” Wear, 43, p. 271, 1977.
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tesperatures of the propellants certainly cause a complication. See Figure 2,

&
- ¥
t ]
1 |
borc.l‘ but it ie difficult to uncouple acouring of unburned granules from the
o known effect of the acouring of the propallant gases themselves. However, it %
Eiz is our opinion that this effect is not important. It has also been suggestaed j
E?S ‘ that iﬁadequate obturation of the propellant gases by the projectila banda 3
» causes sweeping away of the bore metal at the location of "leaks"”. Whiie this a
;~ factor may be of importance in some individual cases, it cannot be important ?
;: in erosion in general btecause rifling grooves erode much less than rifling i
!! lands.l The reverse would be expected if leaks were an important cause of .
Ei erosion since they always occur at the grooves. In addition, erosion using
f%g projectiles with leakage slots milled into their rotating bands was no greater
f! than with ordinary projectiles,ld "
Thermal effects on the boro’-ntal. in our opinion, are generally the most 4
' fmportant causes of arosion at the highar temperatures when ercsion beconmes a
o very important. The effact of temperature on the bors mstal is probably
;3 influenced by the chemical reaction of the matal with the propellant gasee. }
E? This is indicated hy the somewhat different erosions at the same rates of J
!. energy generation caused by different propellants although the different flame -

1L, E. Line, Jr., "The Description of Eroded Gun Bores," Hypervelocity Guns
und the Control of Gun Erosion, Washington, D.C., 1946, p. 195.
163X, Ward, "On the Erosivity of Stick and Granular Propellant,” Army
N Ballistics Laboratory Memorandum Report ARBRL-MR-03171, 1982,
. 15Nicol H. Smith, "Pre-Engraved Projectile With Chrome-Plated Bore,"
—~ " Hypervelocity Guns and the Control of Gun Erogion, Washingtor. D.C., 1946,
Ps §§T
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No matter what the specific memchaniem of yun erosion, it is a function of
the rate of heat transferred to the bore. It can be controlled in only two
vays, ‘

l; The gun bore can be made more resistant to cemperaturs.

2. The rate of heat transfer from the propellant gaues can be lowered.
Because of economic and other considerations a cannon must be made of
steel, If gdditional temperature resjetance is desired, it can bo coated with

& layer of another material on the bore. Omnly the high-melting metals
chromium, tungsten, molybdenum, #nd tantalum have been shown to hava value.16
Chromium eslectroplate ls being usedl? and coatings of mlybdcmn.“
tnnglun.“ and tantalum?0 have besn investigated on 4a experimental basis.
This epproach has promise although the cost could be high 1if other than
chromium slectroplate was used.

If a ﬁtopollmt could be uaed that had s lower flame temperature, the
rate of heat transfer would be lowered and a lower rate of crooii.on would

result, Unfortunately, this approach is of only limited use because of the

165, r, Schairer, "Selection of Erosion Resistant Materials for Gun Bores,”

llzg;mlocuz Guns and the Control of Gua Erosion, Washingcon, D.C., 1946,

P °

173, A. Lannon and A. C. Vallado, "Effect of Chrome Plating on the Wear
Chavacteristics and Ballistic Parformance in the 155 MM Artillery Systea,"”
JANNAF Propulsion Mseting, Monterey, CA, 1980,

187, Palmer, "Molybdenun," g%volocigy Guns anl the Contril of Gun %rosion,
Washington, D.C., 1946, p. .

9%. H. Mayer and J. W. Gehring, "A New Technique for Batarding Ercsion of Gun
Barrels by Plating the dores With Tungsten,” Interservice Tschnical Mseting
on Gun Tube Erosion and Control, Waterviiet, NY, 1970,

0G., D'Andres and R. L. Cullinan, "Erosion Study of Tantalum Coatad Gun
Barrels,” JANNAF Propulsion Meeting, Monteray, CA, 1980,
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impulse required of the propellant to achieve the desired ballistic

characteristice. About all that can be done is to avoid propellants with

Ty

o

extramely high flane temperatures.

(e -
.1‘_7
PR P T

YA

X A.vcry effective means of reducing gun erosion by reducing the rate of

-le o

heat transfer has been through the use of "additives". These are termed
additives although they are not generally additives to the propellant. Often
they are in the form of liners in the cartridge case. The original wear-
reducing liner was a high~density polyurethane foam glued to thn‘wnll of

the cartridge case. Soon after the U.S. adopted the polyurethane foam in
high-velocity tank guns, a liner was made from a 45/55 percent blend of TiO2
and paraffin wax and the U.S, udoptod this, Figure 4 fromn Reference 6 shows
how thase are placed. The original wear life of the tank gun when it was
introduced was only 100 rounds when firing a particular high~velocity round.
The introducticn of polyurethane foam increased this to 400 rounds. Finally

the use of the Ti02~wax liner increased this wear life to 10,000 rounds.®

’

r.‘: (The fatigue life of the tube is much lower than this.) The effectiveness of
i the liner is extu-\ely affected by its exact placement in the cartridge case.
Many of the new projectiles kesp the liner from being positioned in the

" optimum way. In addition, all the large cannons used in the U.S. Army are

: bag-loaded and do not use cartridge cases. The ercsion problems with the

! large cannon are not as sevare as with the tank guns but many of them are

he

3

: - 6J. Richard Vard and T. L. Brosseau, “Role of the Ingulating Layer From Ti0)-

Wax Liner ia Reducing Gun Tube Wear,' JANNAF Propulsion Meeting, Monterey, CA,
1980. .
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;i still limited by their wear lives. Therefore new erosion reducing additives -j
;! have continued to be studied. A combustible cartridge case containing tale !j
gf and the so-called ablative additive which is a silicome fluid posicionad at ~§
Ef the bage of the projectile have both shown promise, See Figure 3, ti
; J
s SUMMARY y
gg Gun erosion is a complex phenomenon that is caused by chemical, ;&
éi mechanical, and thermal factors. All of these are affected by thermal ;J
gf environment and erosion can bc estimated by measurements of the rate of heat ,
b .

transfer from the propellant gases to the cannon bore. Gun erosion can be

4 A o emamd b al € e h B ke it A NI el e

controlled by increasing the heat resistance of the bore by using some sort of

electroplate or bore liner or by reducing the rate of heat transfer to the
bore. Despite the efforts so far, gun erosion remains a serious problem and

research 1s continuing on its control.
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